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Two genersal approaches to a problem are in general use. The
first conslders a relativeliy large numbsr of systems and draws

general conclusionse The data for any one system usually are

not under identical conditionses Deviations from corclusions are

~ -

brushed away aa "experimentsl arrors."

The second considers a very limited fleld - one or two cystem:
- and attempts to explore these systems not only in detaii . .
with precisione The work is slow but discrepancies betwseen experi-
ment and theory mean that the theory must be revisede The sscond
method is the auditor of the'results of the first methods This
method was the core of the original propcsal for this projects

Two reacticns were selected for study: (1) The racemization
of l-bromo succinic acid by lithium bromide in aqueous acetone
solution, and (2) The solvolysis of t-buiyl halides in aqusous
organic solventse

The ionizatlion of lithium bromide in aqueous acetone solution

was determined by Je. Konec‘nyo1 Reprints have been circulated,

1. Ae Re Olscn and J. Konecny, Je«AeCaSs, 75 5801 (1953).

Using +these results it was found that the rate of racemization of
the l-dimethyl ester of bromo succinic acld by lithium dbromide in
acetone soluticn could be explained rairly well by introducing the

conventional Debye HUckel salt effectss Olson, Frashier and Spieth2

P o

24 Ae He Olson, Le De Frashler and Frances Spil
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Physical and Colloidal Chemistry, 55, 860
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had assumed specific interactinns to account for the rate, It

so far has not been poseible to account for the rate of racemization
of l-bromo succinic acid by lithium bromide by the conventional
theorys Here the interactions are very much larger than they are
Tor the ester: This work was supportsd only during 2 short summer
period and was interrurted when Mr. Konacny received his degree,

The study of the solvolysis of the t-butyl halides 1s delins-
ated in a seriss of artiocles, The composite rate of solvolysis
of t-butyl chloride in aquecus methanol, aqueous acetone and aqueous
dlioxare, and of t-butyl bromide in aqueous acetone, have bsen de=
termined at sevsral temperatures. Empirical equations which repre=-
sent these rates to about 1% have been deriveds The material is
presented and discussed in a manuscript which has besan accepted by
Y:0:.C.8; for ruhlination undar tha title "The Specific Rates of
Solvolysis of t-butyl Chloride" etoe

The Solvolysis of t-Butyl Chloride in Aqueous Msthanol
yields the products isobutene, methyl t-butyl ether and t-butanocl,
The percentages of these products depend upon the solvent compoe
sition ond to some degres on the tempsratures, A method has been
devised to analyze for these products with a precision of about 19,
The method and results are presented in an article which has been
accepted for publication by the J.A.C.S.

One of the factors that originally was proposed by Olson and
Halford, and which has since besn adoptsd by others to explain the
rate of solvolysis of these substances is the Henry's Law Constant
of the tertiaryj halidese« The determination of this constant at
various solwvent coxpositions has pressnted sowe difficultiess

These have bsen ovsrcomes The methods und results are summarized

s %2 the JY.A.0.8, whish has bhaeasen sco

n3
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ted for publication,
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One of the important results of this investigation was the discovery
of the large increase in the pertial molal heat content of bubyl
chloride as N, increassses This absorption of heat occurs imedi-
ately on dissolving -~ the reaction of butyl chloride with tie
solvent 1s a slow follow process which ooccurs houre or days lmters
Use has been made of these phenomena to elucidate ths reactimm
mechanism,

The partial pressures of water and methanol occur in ths ra:te
expirassions that have been proposed for the solvolysis reactlione
We have derived an expression for the activity of methanol im these
solutions at the temperature at which the prossures were measureds

™ 5 A Y

By the Duhem sGuation we have caliculated the activity and psrtisl
pressure of water at 25°C. The results are collected in & note
that has been sent to the J«AsCeSs

From the partiel pressures and the product compositions the
rate equations that have besn propcsed by various investigators
have been testede In an article submitted to the J.A.C.S. {t 18
shownr that none of the published equaticns fits the data. Two sets

of equations, one involving the partial pressures and one involving

only mole fractions, are derived, which give the correct ratios

Isobutens Tther
T and Ty Each of these equations mast be

multiplied by a factor F in order to give the observed ratem

Log F 18 found to be of the form a + b Nw’ where 2 changes with the
temperaturese From the studies on the Henryts Law Constant 3t can
be shown that b alsc must change slightly with the temperaturss,
and that therefore the empirical I:ate egquations must be adjusted
(within the assumed error limits)s This leads to the followirg

oconclusions?
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la Butyl chloride absorbs a largs amount ¢f heat on dissolving
in aquecus methancle The heat incresases as the water content of
the solvent increases. The effect may be due to a real hydration
of the butyl chioride or to a dlelectric constant change The
carbon chlorine bond seems to be weakesned, resulting In & decr=ase
of energy of activation when the molecules react. FPulling the
chlorine further away from the central carbon permits an irncrease
ir the angle between the metnyl groupses This in turn decresses the
aéerio hirdrance and thercfore incrmases :ha entropy of the reaction
as Hw increasss.

2¢ The heat of =olution i3 small compared tc the heat of acti-
vation. At Nw = o5 it 1s only from ten to fifteen per cent of AE,
This 1s in sccord with the faect that reaction is & slow step

which may be separated from scluiion by hours or dayse.

The form of the equations corresponds to:
a) A bimolecular reaction between butyl chloride and water to
form butanol.
b) A bimolecular reacticn between butyl chloride and mcthanol to
form ether, and

¢) An elimination of hydrochloric acid to form isobutene.

We find no necessity for introducing carbonium ions to explein
the reacticns. These solvent effects cannot be considered a dis~
tinguishing criterion for the mechanism of primary ionization.

The salt sffecta on the rate ¢of solvolysis of t-BuCl and t-BuBr
in aqueous acetone have been studied and the results have been

~n o
LAVE NS 3 ]

o»

collected in a manuscript which is beilng submittsd to the J.

for publications Here it is shown that log 2K = a + B N where
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AK 18 k - k%, The fact that the weakest salts have the largest

salt
effeets makes it difficult to explain in terms of conventional
Debye~Hiickel salt effectss The effects, however, may be in the
same order 2s the 8alt effects on the partial molal heats contents

of ithe butyl halidese Thus the salts and water piay analogous

roles.

Reprints of the above articles will be avalilable on request
to the Department of Chemietry of the University of California,
Rerkelay. Californiae.

Finally, I wish to express my gratitude to the 0ffice of

Naval Research for their support, and for the complete frsedom

D
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of action that has been accord
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